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A Procedure for Determining the Annual Cost 
of a Section of Rural Highway 


Reported by HAROLD W. HANSEN, 
Highway Engineer 


N RECENT YEARS a number of State 
_ ethene departments have established 
highway control sections *’ as a means of co- 
ordinating records of the work performed 
on highways. Among the objectives in- 
volved in such undertakings is the bringing 
together of construction expenditures and 
maintenance and operation expenditures in 
a fashion that will establish a current and 
continuing record of the annual cost of each 
section of highway. 

Such cost information, when available 
for the entire highway system, will pro- 
vide a wealth of facts concerning the costs 
of providing road transportation service. 
lata pertaining to the annual cost of each 
type of surface, each type of structure, and 
other elements of the highway can be made 
available as a routine, continuing process 
in those States operating on a control-sec- 
tion basis. From such information on the 
ost of highways under a variety of condi- 
tions ean be obtained the facts useful in 
short- and long-range planning and _ pro- 
graming, and in numerous types of eco- 
nomic analyses and problems of economic 
istification. 


Annual Road Cost 


The term “annual road cost” as used in 
following discussion refers only to the 
tual or estimated annual depreciation 
irge plus the annual expenditure for 
intenance and operation. In accord 
present-day accounting practice these 
cost elements would be considered es- 
tial to any method of computing annual 
costs. 
he depreciation charge is a measure of 
annual capital (construction) cost. The 
nditure for maintenance and operation 
‘ates what has been spent to preserve 
highway as nearly as possible in its 
nal condition as constructed or as sub- 
ntly improved, and for the operation 
rhway facilities and services to provide 
factory and safe highway transporta- 


ort of the Highway Research Board Committee 
hway Costs, Memorandum No. 1. Highway Re- 
Correlation Service Circular No. 61, May 1949 
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Other elements of highway cost, such as 
interest, taxes, and the like, may be in- 
cluded in the term annual road cost de- 
pending on the use to be made of the cost 
information.” These items have been omit- 
ted from this discussion but could, if needed, 
be added to the costs obtained as described 
here. 

The procedures outlined in this report 
have been discussed with members of State 
highway planning surveys, engineers, ac- 
countants, and highway officials in more 
than 20 States. This material has also 
been discussed by members of the Highway 
Research Board Committee on Highway 
Costs* at the twenty-eighth and twenty- 
ninth annual meetings of the Highway Re- 
search Board (1948 and 1949). The sug- 
gestions and advice received as a result of 
these discussions are gratefully acknowl- 
edged. Special recognition is due the Texas 
Highway Planning Survey for its coopera- 
tion in furnishing the basic data which 
were used to prepare the road cost charts 


exhibited in this report. 


Depreciation 


There are many mathematical formulas 
which can be utilized in computing depre- 
ciation charges. Some of the better known 
include the straight-line, production, com- 
pound-interest, sinking-fund, annuity, and 
fixed-percentage-of-declining-balance meth- 
ods. There are others which are not as 
well known. In spite of the diversity of 
formulas the straight-line method is in al- 
most universal use throughout the United 


2 For a discussion of this subject, see Costs of high- 
ways to the public and uses of cost computations, Re- 
port of the Highway Research Board Committee on 
Highway Costs: Proceedings of the 24th annual meet 
ing of the Highway Research Board, 1944; page 1 

The members of this committee are Fred B. Farrell, 
chairman, Chief, Highway Cost Section, Bureau of Pub- 
lic Roads; James A. Foster, Highways and Municipal 
Bureau, Portland Cement Association; Carl E. Fritts 
Director, Highways Division, Automotive Safety Foun- 
dation: Raleigh W. Gamble, Superintendent, Bureau of 
Street Construction and Repairs, Milwaukee, Wisc 
O. L. Kipp, Chief Engineer, Minnesota Department of 
Highways; Bertram H. Lindman, Transportation Con- 
sultant. Washington, D. C.; H. R. Wilson, Fiscal Man- 
ager, Finance and Management Division, Bureau of 
Public Roads; and Robley Winfrey, Research Professor 
of Civil Engineering, Iowa State College 
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Following its initial construction, every 
highway generates a demand upon current 
revenue for maintenance and operation and 
upon future revenue for rebuilding and 
modernization. In order that this demand 
may be met ina plan that will provide maxi- 
mum service at minimum cost, it is essential 
to have knowledge of annual road costs. 
Such cost information is invaluable for plan- 
ning and programing and. when correlated 
with traffic volumes, weights, surface types, 
and similar factors, is useful in a variety of 
economic analyses. 


States.’ The principles of this method have 
been adapted to the determination of an- 
nual road costs. 

For such purposes the funds which have 
been expended (invested) for the construc- 
tion of highways are subdivided into vari- 
ous fixed-asset accounts. There are eight 
such fixed-asset accounts recommended by 
the Subcommittee on Uniform Accounting 
of the American Association of State High 
way Officials: (1) Right-of-way, (2) road- 
way and drainage grading and earthwork, 
(3) drainage structures and roadway earth- 
work protective structures, (4) roadway 
surface and base (by roadway surface 
type), (5) improved shoulders and = ap- 
proach surfacing, (6) bridges, viaducts, 
grade-separation structures, and tunnels (by 
individual structure), (7) traffic and pedes- 
trian services, and (8) roadside develop- 
ment. 

For purposes of an annual cost computa- 
tion, the basic information required for 
each control section includes date of con- 
struction, cost of construction (by _ fixed- 
asset accounts), amount depleted (or, con- 
versely, the amount salvaged) at the time 
of each subsequent reconstruction, age at 
the time of reconstruction, and other facts. 
As used here, depletion refers to that por- 
tion of the construction investment which is 
lost at the time of reconstruction, aban- 


‘Report of Committee on Depreciation, National 
Association of Railroad and Utilities Commissioners, 
1943, page 89. Published by the Association, Washing- 
ton, D. C. 
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Figure 1.—A simple survivor curve, showing the age of the original investment at the time 


of each reconstruction and the amount of capital depleted. and the steps involved in 
deriving the combined straight-line depreciation curve. 


donment, or transfer of the highway to an- 
other authority. 
This 


construct for each fixed asset the type of 


basic information can be used to 


graph shown in figure 1A, which was made 
by plotting the percentage of the original 
1144, 2% 


investment surviving at 14, 6, ete., 


years of and then connecting these 


age 
points with straight lines, a standard prac- 
The 


resulting curve shows the survivor history 


tice in mortality studies of highways. 


of the capital invested in a given year for 
the construction of one of the fixed assets 
(roadway and drainage grading and earth- 
work, drainage structures and roadway 
earthwork protective structures, each road- 
way surface and base type, etc.) comprising 
the highway. Such graphs can be prepared 
for the capital invested in each of the other 
fixed assets, and for additional capital in- 
the 


The total annual deprecia- 


vested when highway is subsequently 
reconstructed. 
tion charge for the control section is built 
these 


curves, 


up from data computed from indi- 


vidual investment survivor 


Depreciation Rate 


To determine the rate of depreciation for 


a fixed asset having the survivor history 


1A, 


treated as a separate unit of property and 


indicated in figure each depletion is 


the rate of depreciation for each depletion 
is found. Then the several rates of depre- 
ciation are added together to give the total 


rate of depreciation for that fixed asset. 
This is known as the unit summation 
method" for applying the principle of 


straight-line depreciation to a_ property 
group consisting of units having different 
service lives, 

Figure 1B illustrates the first step in this 
procedure, that of determining the rate of 
depreciation for the individual depletions. 
The first 
initial construction, caused a depletion of 
Accordingly, 


reconstruction, 5 years after the 
15 percent of the fixed asset. 


Methods of developing a progre sive record of con- 
outlined in the 


struction investment are Bureau of 
Public Roads Planning Survey Memorandum No. 322, 
June 30, 1939: Further sucagestions o he mmary 
and tahulation of the road life atudies. 

" Depreciation of Group Properties, by Robley Win- 
frey, Iowa Engineering Experiment Station Bulletin 
155, 1942; Iowa State College, Ames, Iowa. 
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15 percent of the fixed asset must be depre- 
ciated over a period of 5 years, which is the 
equivalent of an annual rate of 3 percent. 
Similarly, for the second depletion 65 per- 
cent is depreciated over a 13-year period, 
or an annual rate of 5 percent, and for the 
third depletion 20 
over 20 


percent is depreciated 


years, or 1 percent per year. 

The manner by which the several rates 
of depreciation are combined to yield the 
resultant rate for the fixed illus- 
trated in figure 1C. During the period from 
age zero to age 5 years, the three separate 
rates of depreciation (3, 5, and 1 percent) 
are added together to obtain a total rate of 
per year. For 
this 5-year period, then, the total depre- 
ciation 


asset is 


depreciation of 9 percent 


was 5*9=—45 percent. From age 5 


years to age 13 years two rates 
percent) are added together to 
obtain the total rate of depreciation of 6 
nercent per yvear. For this period 
the total was 8“ 6=48 percent. In the final 
period, from age 13 years to age 20 vears, 
the total rate of depreciation for the fixed 
For this 7- 
7 percent. 
The grand total depreciation for the three 


separate 
(5 and 1 


8-vear 


asset was 1 percent per year. 


vear period. the total was 7™1 
periods (45, 48, and 7 percent) is 100 per- 
cent of the original amount. 

The unit summation method has the merit 
of relating depreciation charges to the serv- 
ice given by each of the units (depletions) 
It tends to 
the underaccrual of depreciation charges on 
and the 
long-lived units which is common to certain 


comprising the group. reduce 


short-lived units overaccrual on 
other methods for computing depreciation 
of group properties. 

The example shown in figure 1 illustrates 
a situation in which all of the original fixed 
asset has been depleted. Comparable situa- 
tions usually do not exist on highway con- 
trol sections since much of the original in- 
vestment (roadway and drainage grading 
and earthwork, for example) has not been 

For this undepleted capital it is 

that the 
estimated. 


depleted. 
remaining life expect- 
Indications of service 


necessary 
ancy be 
life may be obtained from the analysis of 
construction investment retirements, a phase 
of the road life studies being conducted by 
the State highway planning surveys in co- 
operation with the Bureau of Public Roads. 





The share of construction costs wh 
may properly be charged to a control secti 
during a given year is found by adding t 
gether the depreciation charges which ha 
been computed for that year for all i 
provements built within the contro] secti: 
These figures in turn'are made up of actu 
or estimated depreciation charges for t 
individual fixed-asset accounts comprisi! 
the improvement in accordance with tl 
methods outlined above. 


Forms for Computations 


Depreciation computations can be great 
facilitated by the use of well-design« 
A form which provides for all po 
sible adjustments to depreciation rates an 
for all future additions of data may bh 
come unnecessarily complicated. A simple 
form will usually prove more desirable eve 


forms. 


though it may require the occasional prep 
aration of a new depreciation sheet for th 
contro] section when an appreciable revisio1 
is caused by later reconstruction. 

Forms 1 and 2, 
examples of the type of form used for com 
puting and summarizing depreciation data 
for contro] sections and are shown in thi 
report illustrative purposes only. To 
facilitate comparing the cost of one sectior 
of road with the cost of any other, these pa 
ticular forms provide for showing deprecia 
tion as an annual charge on a per-mile basis 
for any selected segment within the contro! 


shown in figure 2, ar 


for 


section and for the contro] section as 
whole. It will be noted also that these 
forms provide for adjusting depreciatio1 


charges to a common price level in orde) 
that all costs may be expressed in terms ot 
dollars having approximately the same pul 
chasing power. 

Correlating maintenance and operation 
expense with depreciation charges can ly 
readily undertaken in those States that hav: 
established contro] sections since this is on 
of the basic functions of the control sectior 
the that depre 
ciation charges are adjusted to a common 
price level, maintenance and operation e% 


procedure. In same way 


pense is adjusted by means of a maintenanc: 
Th 
same base periods should be used for bot 
the and maintenance pric 
indexes. 

Form 3 (fig. 2) is an example of a fo 


price index to a common price level. 


construction 


for summarizing depreciation charges a! 
maintenance and operation expense on 
per-mile basis for a given control secti 
This particular form is for illustrative p 
poses only and should be designed in ea 
instance to fit the needs in a given Sta! 
For example, bridge data are not recor: 
on form 3, but may readily be included 
desired, 

The annual mile for 
control section is obtained by adding 
total annual depreciation charge per ! 
for the control section and the corresp« 


road cost per 


ing maintenance and operation expense 
mile, 
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FORM 1.—CAPITAL DEPRECIATION WORK SHEET 
CONTROL SECTION LENGTH TER 
Hi GHwAy ySTeM TOTAL... 
NTRY FCTION N URBAN....... 
FIKED-a TA NT RURAL: 
ROADWAY 
BR IOGE 
FROM 
2 + Le 7 6 4 
— ee ee N 
ORIGINAL TOTAL NET cst PRICE SERVI 
Z| .1o6 OST: Ost LENGTH | DEPLETED INDEX LIFE: 
_ 2 |= ME PLETED: i” PER MILE: For 
z 
¥izic AMOUNT “oes YEAR CON- avG, FOR APITAL OEF 
= x aa anc AMOUNT ACTUAL STRMUCTEO YEAR CON- ry 
&\q|&| YEAR CON- ano ano STRUCTE v 
z\° |6 TRUCTE YEAR ADJUSTED ano - : i 
EPLETEL VALUE USEC 9 
pt — —— — —— hens + 
+ 4 , 
9 1 ; 
i! + + + — + + 
| | = L 
1/19 1/19 
a: + + 4 ae | 4 
WW 
FORM 2.—CAPITAL DEPRECIATION MMARY 
TERMIN iN wit 
CONTROL SECTION LENGTH 
HIGHWAY SYSTEM = —_ —— TOTAL concerns MENT 
CONTROL SECTION No. URBAN. ...... 
RURAL; 
ROADWAY + 
BR IOGES FROM 
NET 
] i 4 
1 2 | 3 . | = 
= | APITAL DEPR 
zs; Lemar | F1xE0 REMARK iTEM stk Suaensecn Thon ca ‘ 
%= | ww [asset —_——, . - 
BK jwines 
— ——+— = + + + 
| | } TOTAL OEPR, 
| | — —_ + 
| WEIGHT 
+ + + + 
TOTAL DEPR, 
| L = | P4 
| 
a T —- aTH CF NTR ECTION 
| FORM 3 ANNUA h + I 
HiG@eway SYSTEM — 
CONTROL SECTION No. —— ‘ 
+ - R way 
pe re 
i TEM | R EACH CALENDAR YEAR 
19 19 ) 1 19 
as + +—_ + a + + _ 
ROADWAY AND ORAINAGE GRADING, AND CARTHWORK 
a } + + 4 + 
ORAINAGE STRUCTURES, ROADWAY EARTHWORK PROTECT. STR. 
a, min — t 
} sou (0) | 
— + 
| GRAVEL om STOME (£ 
+ 
BITUMINOUS TREATED (F) 
+ 
MIXED BITUMINOL (G-1) | 
i. + 
MIXEO BITUMINOUS (G-2 
SURFACE 
BITUMINOUS PENETRATION (H-1 | 
AND } } 
BITUMINOUS PENETRATION H-2 
BA } + 
BITUMINOUS CONCRETE 
PORTLAND CEMENT CONCRETE 
} 
OTHER (imorcave TrPt 
| 
TOTAL SURFACE AND BASE 
ROADSIDE DEV MENT 
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TRAFF! SERVICES 


OTHER ITEMS rworcaTe tem) 
TOTAL WEIGHTED AVERAGE DEPRECIATION FER MI 


TOTAL MAINTENANCE AND OPERATION EXPEN RM 


WEIGHTED AVERAGE ANNUAL ROAD COST PER M 
ANNUAL AVERAGE DAILY TRaFF VOL UME 

TOTAL VEHICLE PER YEAR 
= 

WEIGHTED AVERACE ANNUAL T PER VER saa] 











Ls 





Figure 2.—Forms for com- 


puting and summarizing 


depreciation charges and 


for summarising annual 


road costs. 
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Figure 3.—Log record 


At the bottom of form 3, space should be 
provided for special computations. One 
such possible computation is the cost per 
vehicle-mile, as shown on the form. Others 
may be entered on the form at the discre- 
tion of the highway department to show 
trends in the annual costs of the control 
section in relation to other factors. 


Annual Road Cost Data 


As an example of annual cost determina- 
tions, a highway in Texas is here consid- 
ered. Figure 3 shows one of the construc- 
tion project log records prepared by the 
Texas State Highway Department for con- 
trol section 39-6 on a portion of U S 88 
in Cameron County, the southernmost 
county in the State. This control section 
begins at the west county line and extends 
eastward to the intersection with State 
Route 96 in the city of Harlingen. The 
total length of the control section is 10.292 
miles, but only the rural portion of 8.705 
miles is embraced in the following dis- 
cussion. 

A view of the roadway looking to the west 
from just inside the city limits of Harlingen 
is shown in figure 4, and another part of 
the control section is depicted on the cover. 


The existing three-lane surface is 32 feet 
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of project construction and retirements for Texas control section 39-6. 


wide and consists of a 1l-inch limestone a number of manufacturing establishments 
rock-asphalt mat on an old portland cement in the county, some of which depend on loca! 
concrete base, crops for raw materials. Many of these es- 

Although agriculture plays a dominant  tablishments rely upon motor carriers to 
role in the economy of the county, one-half support their operations. The area also has 
of the population lives in urban areas. In- a modest tourist trade. Average traffic on 
terurban bus service is scheduled at fre- control section 39-6 was 3,389 vehicles per 
quent intervals along this route. There are’ day in 1936. Following a wartime declin¢ 











Figure 4.—View of the eastern end of Texas contro! section 39-6. 
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2,659 in 1948, the average traffic increased 
5,942 vehicles per day in 1948. 
Annual roadway costs for an average mile 
control are shown in the 
pper left portion of figure 5. In this il- 
istration all costs have been adjusted to a 
37-41 price level. Bridge costs were 
mitted from the computations of costs, but 


section 39-6 


ould be included, if desired, with no change 
n the general procedure. 

The annual depreciation charges, as ob- 
tained from the investment study, extend 
ack to 1924. Data on maintenance and 
speration expense, however, date back only 
to 19386. The State’s control-section setup 
vas not in full operation before that date, 
and and operation expense 
could correlated with construction 
costs for the years prior to 1936. Conse- 
quently, the data presented in figure 5 begin 
with the year 1936. 

Only the total annual depreciation and 
the total maintenance and operation expense 


maintenance 
not be 


2500 
2000 





are shown in figure 5. Similar charts could 
be prepared for each of the fixed-asset ac- 
counts, if desired, by selecting the appro- 
priate data from the annual road cost work 
sheet for the contro] section. 

For purposes of general illustration, an- 
nual average daily traffic information has 


been obtained for control section. 39-6, and 


an annual cost per vehicle-mile computed. 
These data are also shown in the left side 
of figure 5. The true significance of such 


a trend for a particular control section can, 
of course, be properly appraised only after 
consideration and study of many factors, 
such as composition and type of traffic, fre- 
quency of heavy axle loads, subgrade condi- 
tions, degree of maintenance afforded, and 


type and width of surface and shoulders. 


Cost Trends 


In order to smooth out the somewhat er- 
ratic 


trends characteristic of these data 


ANNUAL COST PER MILE 





when presented on an annual basis, averages 
for a group of years may prove more use- 
ful. 


annual cost data for control section 39 


The right side of figure 5 shows the 
6 on 
the basis of 5-year averages. In this case 
the 5-year averages are plotted at the last _ 
year of each 5-year group. Thus, the aver- 
for 1936-40 is plotted at 1940, and so 


The trends are more apparent when 


ave 
on. 
the data are arranged this way, thus mak- 
ing them more acceptable for general ad- 
ministrative use. The average annual daily 
traffic and annual cost per vehicle-mile, on 
a 5-year average basis, are also shown in 
the right side of figure 5, 

the 
have been made for other control sections 
in Texas States. The annual 
cost per mile, traffic volume, and annual cost 


Computations similar to foregoing 


and other 


per vehicle-mile for four additional control 
sections in Texas are shown in the upper 
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ANNUAL BASIS 


Figure 5.—Annual cost per mile, annual average daily traffic. and annual cost per vehicle-mile. on an annual basis and a 5-year 
average basis, for Texas control section 39-6 (data adjusted to 1937-41 prices). 
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Figure 6.—Annual cost per mile, annual average daily traffic, and annual cost per vehicle-mile. on an annual basis and a 5-year-aver 
age basis. for four Texas control sections (data adjusted to 1937-41 prices). 
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part of figure Similarly, the 5-year- 
a\ erage annual cost per mile, 5-year-average 
dally traffic, and 5-year-average annual cost 
vehicle-mile for the same sections are 
These 
control] sections, which were selected at ran- 
The 


cost data shown here are not necessarily 


ner 


hown in the lower part of figure 6. 
liom, are briefly described in table 1. 


representative of the average cost of these 


road types and consequently conclusions 


should not be drawn from this small sample 
as to relative cost. 


Table 1.—Length. type. and location of control sections 





Control Num- 
section Length ber of Surface typ 
number lanes 
Viles 
359-1 7.102 2 Bituminous surface 
treate 
69.6 9.768 2 Bituminous penetration 
167-2 15.246 2 Bituminous concrete 
14-8 10.062 2 Portland cement con 
crete 





Texas 119 


U 


1S 77and8l 





Route County Location 


DeWitt From Yorktown south- 
east toward Goliad. 
From Coke County line 
southeast toward San 

Angelo. 

From El Paso north to 
New Mexico State 
line. 

From Hill County line 
south toward Waco. 


S 87 Tom Green 


"| Paso 


McLennan 








1.776 miles adjacent to El Paso were widened t 
0.544 mile at the south end was built 134) a 


New Publications 


r lanes in 1941 
anes 


THE MATHEMATICAL THEORY OF VIBRATION IN SUSPENSION BRIDGES 


The Bureau of Public Roads has recently 
published The Mathematical Theory of Vi- 
bration in Suspension Bridges, a 450-page 
report of a study undertaken under the 
auspices of the Advisory Board on the In- 
vestigation of Suspension Bridges. The 
book is for sale by the Superintendent of 
Documents, U. S. Government Printing Of- 
fice, Washington 25, D. C., at $1.25 a copy. 

The Advisory Board, established subse- 
quent to the collapse of the Tacoma Nar- 
rows Bridge in 1940, has sponsored a series 
of investigations seeking to determine the 
causes of suspension bridge vibration, to 
develop a rational theory explanatory of the 
phenomenon, and to work out methods of 
design practice which will reduce these dan- 
gerous motions. 

The Mathematical Theory of Vibration in 
Suspension Bridges develops mathematical 
analyses of the dynamic problem and sug- 
gests experimental data needed to support 


them. Authors of this highly technical 
study are Dr. Friedrich Bleich, Consulting 
Engineer, American Institute of Steel Con- 
struction; Dr. C. B, McCullough, Assistant 
Chief Engineer, State Highway 
Commission; Richard Rosecrans, Structural 
Research Engineer, Oregon State Highway 
Commission; and George S. Vincent, Princi- 
pal Highway Bridge Engineer, 
Public Unfortunately, both Dr. 
Bleich and Dr. McCullough died before their 
work appeared in published form. 

The content of the publication is indi- 
cated by the subjects of the major sections: 

Chapter 1.—History 
namic stress effects in suspension bridges; 


Oregon 


toads. 


of troublesome dy- 


a general statement of the dynamic prob- 
lems; the mathematical theory of vibration 
problems, 

Chapter 2.—A general statement of the 
problem and determination of physical data 
needed for its solution. 


Sureau of 


Chapter 3.—Frequencies, modes of vibra- 
tion, and energy storage in freely vibrat- 


ing suspension bridges with hinged stif- 
fening frames. 
Chapter 4.—Application of the energy 


method to the analysis of the frequencies, 
of vibration, and energy 
capacity in vibrating 


modes storage 


freely suspension 
bridges with continuous stiffening frames. 

Chapter 5.—Influence of various design 
factors on frequencies, modes of motion, 
and energy storage. 

Chapter 6.—Consideration of structural 
damping in suspension bridges. 

Chapter 7.—The flutter theory of truss- 
stiffened suspension bridges under wind ac- 
tion. 

Chapter 8.—The linearized deflection the- 
ory developed for suspension bridges having 
tower stays. 

Chapter 9.—Experimental verification of 
the linearized deflection theory. 


SELECTED BIBLIOGRAPHY ON HIGHWAY FINANCE 


The Bureau of Public Roads has recently 
iblished a Selected Bibliography on High- 
ay Finance which provides nearly 1,400 
innotated references, for the years 1939-49, 
n the field of highway taxation and finance 
the United States. 
iiefly on theory, but basic sources of perti- 
nt statistics are included. The bibliog- 
iphy may be purchased from the Super- 
tendent of Documents, U. S. Government 
inting Office, Washington 25, D. C., at 
cents 


Emphasis is placed 


a copy. 
[he search for solutions to the problems 


available is the Bureau of Public 
ads’ Highway Statistics, 1979, the fifth 
the bulletin presenting annual 
itistical and analytical tables of general 
terest the of motor fuel, 
tor vehicles, highway-user taxation, fi- 


Now 
series 


on subjects 
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currently encountered by all levels of gov- 
ernment in obtaining adequate revenues for 
highway operation and capital outlay has 
intensified the value of all types of infor- 
mation on finance. The Selected Bibliogra- 
phy on Highway Finance is the complete 
key to this need. 

The references in the bibliography are 
arranged according to a useful classification 


scheme under seven major topics—general 


discussions, taxation, expenditures, borrow- 
ing, financial programs and plans, miscel- 
laneous topics, and statistics. Both geo- 


HIGHWAY STATISTICS, 1949 


nancing of State highways, and highway 
mileage. Included for the first time in the 
annual publication is information concern- 
ing the financing of highways by county 
and local rural governments. 
Highway Statisties, 1949 is 


for sale by 


graphical and author indexes are included 
in the publication. 

Brief annotations accompany most entries 
to indicate the general nature of content, 
but evaluation of importance, accuracy, or 
The ref- 
erences were carefully selected, however, so 
that all included are of some significance. 

While the bibliography covers intensively 
the years 1939-49, a limited number of sig- 
nificant from earlier 
also included, as are available items pub- 
lished in the first four months of 1950. 


validity has not been attempted. 


references years are 


the Superintendent of Documents, U. S. 
Government Printing Office, Washington 25, 
The full series of 
the annual bulletins are available from the 
Superintendent of Documents, as indicated 


I). C., at 55 cents a copy. 


on the inside back cover of PUBLIC ROADs. 
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Methods for the Determination 
of Soft Pieces in Aggregate 


BY THE PHYSICAL RESEARCH BRANCH 


BUREAU OF PUBLIC ROADS 


Reported by D. O. WOOLF, Senior Materials Engineer 


The classification of materials in aggregates as “‘soft pieces” is subject to wide 


variation and loose definition. 


separately restricted. 


The study reported here included an examination of existing methods. and 


Materials classed as soft pieces in various State 
specifications also include those which more properly should be defined as un- 
sound, light-weight, brittle. friable, highly absorbent. or combinations of these. 
As pointed out in this article, specifications for aggregates should define and limit 
soft pieces as such, and the presence of other deleterious substances should be 


an attempt to develop new ones. for the determination of the presence and pro- 
portion of soft pieces in aggregate. All commonly known test methods. and many 
specially devised ones, were studied. It was concluded that the only method suit- 
able for both field and laboratory use is the scratch hardness test using a hard. 


yellow brass scribe. For convenience. 


suggested. 


N 1941 the Roads 
| pelea an methods 
of testing coarse aggregates to determine 
the content of soft pieces, at the request of 
Subcommittee IX of Committee C-9 of the 
American Society for Testing Materials. 
It was hoped that the results of this inves- 
tigation would direct attention toward the 
development of a new method of testing 
aggregates for soft pieces, or identify exist- 
ing methods which would be 


Public 


investigation of 


Bureau of 


suitable for 
this purpose. 

This paper describes the test methods em- 
ploved and gives typical test values which 
were obtained. With each description of a 
method of test are presented the conclu- 
sions obtained from the test data: Whether 
the method appears to be useful, and the 
difficulties encountered in its performance. 
Throughout the investigation, efforts were 
made to develop a method which would be 
suitable for use in the field. It is thought 
that this determination—the detection of 
the amount of soft pieces in aggregates 
is properly a duty of the inspector in the 
field. Any method which the inspector can 
use can also be performed in the laboratory; 
consequently, the program of the investiga- 
tion was planned with consideration of field 
use as a primary requisite. In some of the 
methods employed, apparatus suitable only 


for use in the laboratory was used. In most 
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wooden pencil with a brass core is 


of these cases, however, plans were prepared 
for the construction of equipment sufficiently 
portable to permit its installation at aggre- 
gate plants. 


Conclusions 


The tests reported were made in an at- 
tempt to develop a rational method of test- 
ing aggregates for soft-piece content. Al- 
though most tests used standard or readily 
procurable apparatus, some rather fanciful 
or weird contraptions were designed or ac- 
tually constructed for this purpose. On the 
whole, a thorough study has been made of 
all different methods of test which could be 
expected to give information of value. 

Of all methods tried, the only one con- 
sidered suitable for both laboratory and 
field use is the scratch hardness test using 
a hard, yellow brass scribe. For conven- 
ience, a pencil with a brass core is suggested. 

Attention is called to the rather frequent 
practice, in writing specifications for aggre- 
gates, of using the soft-piece classification 
as a catch-all for many different types of 
deleterious substances. If it is desired to 
limit types of deleterious substances other 
than soft pieces, these other types should be 
mentioned specifically and separately, in the 
specifications, from pieces which are merely 
soft. 


Figure 1.—Toughness 





test for gravel, using 


the 24-inch ball. 


Classification of Materials 
Prior to 
methods of 


starting this investigation of 
test, an attempt was 
of the materials 
which the various highway authorities clas- 
sify as soft pieces. 


made to 
determine the character 
The State highway de- 
partments were requested to submit samples 
of such soft pieces as are encountered in 
each State, and to furnish information re- 
lating to their particular conditions insofai 
as this problem is concerned. The informa- 
tion requested was as follows: 

1. Names of the different materials which 
may be classified as soft pieces. 

2. Names of such materials found 
erally throughout the State or in large areas 
of the State. 


) 


3. Amount of 


gen- 


soft pieces permitted in 
specifications for pavement surface courses. 
1. Method of test or identification 
by laboratory operators or field inspectors. 
5. Names of the materials occurring nat- 
urally which are considered to be objection- 


usea 


able for surface courses but which are not 
included in the class of soft pieces. 

Replies were received from practically al! 
of the State highway departments. Man) 
were in sufficient detail, but a few were ex- 
pressed in generalities, or in terms whicl 
appear to be of local usage only. Fron 
the information received, table 1 reports a 
list of materials which are classed as “soft 
pieces,” the number of States which classif\ 
these materials as soft, and the number 0 
States which report the materials to b 
widely distributed. 

At first glance, many of the material 
listed in table 1 apnear to be included ii 
the designation of soft pieces by mistak« 
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For example, granite is placed in the classi- 
fication of soft pieces by two States, al- 
though the word “granite” usually conveys 


and enduring 
A number of other apparent incon- 
stencies exists. 


e impression of a _ hard 


’ 


one. 


it 


However, some interpre- 
tation of these classifications is probably 
permissible, 

There is little doubt that the inclusion of 
granite in a classification of soft pieces is 
meant to refer to material of a granitic 
nature which has weathered to such an ex- 
tent that the component crystals are soft 
or poorly bonded to each other. Similar in- 
terpretations can be made of a number of 
the materials included in table 1 and, in 
general, most of the materials mentioned 
can be placed in one or more of the follow- 
ing types: 


. Soft. 
2. Unsound. 
3. Light weight. 


4. Brittle. 
5. Friable. 
6. Highly absorbent. 


Some materials may be both soft and 
friable, or soft and brittle, or different sam- 
ples of the same material may be placed 
Consequently, 
actual samples, a 
proper grouping of materials by name alone 
is probably not feasible. Certain materials 
in table 1, such as brownstone, 
granite, and limonite, are not 
identified definitely by the names given, al- 
though use of such terms may be justified 
in a limited where the 
cerned would have an understanding of their 
application. However, as these terms may 


properly in separate groups. 


without reference to 


mentioned 
micaceous 


area persons con- 


not be widely used to describe materials of 
definite physical characteristics, 
thought could be given toward the use of 
more descriptive names, or to the establish- 
ment and use of a systematized glossary of 
the materials under 


some 


terms relating to 
consideration. 

Materials classed as deleterious but not 
considered as soft pieces by the reporting 
authority are listed below: 


Alkaline reactive Mica 


\ mphibolite Mud balls 
Chert Obsidian 
Chert. opaline Ochre 


Pyrite in rock 
Quartzite 


Chert, unsound 
Clay lumps 


Coal Sandstone, hard ab- 
Coated material sorbent 

| dolomite, some Sandstone, soft 
lint Shale 


Shale, hard 

Shale, opaline cherty 
Shale, soft 

Shale, some 

Shell 

Slate 
Sulphates—sulphides, 

iron, in rock 


‘lassy rock 
(yneiss, soft 
rranite 
Granite, soft 
rranite, some 
rravel, a quartz 
{ydrophilic rock 
imestone, argil- 


laceous Thin or elong- 
imestone, sili- ated pieces 
ceous Unsound pieces 
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Table 1.—List of materials classed as soft pieces and number of States giving this 
classification or having material widely distributed 





Number of States 
Material 
Reporting 

Classify wide 

ing as soft distribu 
tion 
Basalt, disintegrated l l 
Brownstone ] 1 
Caliche, hard l 0 
Chert 2 l 
Chert, chalky 1 0 
Clay balls 2 1 
Clay, iron bearing | 0 
Coal 2 | 
Concretion, calcareous l 1 
Conglomerate 1 0 
Dolomite, weathered and porous 1 1 
Earth, diatomaceous 1 l 
Feldspar l l 
Felsite l 0 
Floaters l 1 
Gneiss l 0 
Gneiss, micaceous l 1 
Gneiss, weathered l 1 
Granite 2 1 
Granite, decomposed l 1 
Granite, disintegrated { } 
Granite, micaceous | | 
Granite, weathered } 3 





| Gravel, cemented / l 
Gravel, magnesia 1 

Iron clay balls 
| Iron oxide 2 
| Limestone, argillaceous 
| Limestone, porous l 
| Limestone, shelly ! 0 





It is interesting to note, in this list of 
37 items, that 17 are placed in the category 
of soft pieces by other States. This illus- 
trates one of the difficulties encountered in 
attempting to coordinate requirements or 
tests for soft pieces in aggregate. 


gz Unless 
there 


can be some agreement as to what 
constitutes a soft piece, work along the pro- 
posed line may not be of suitable value. 
Table 2 compilation of the 
various State specifications for limitation of 
soft Most limit the 
content of soft pieces of aggregate to 5 per- 


cent or less. 


presents a 


pieces. specifications 
In a few cases, limits for spe- 
cific types of soft particles are given, but 
usually the specifications fail to identify the 
materials covered by the requirement. 


Test Methods Reported by States 


The following methods of test to deter- 
mine the content of soft pieces of aggregate 


were reported by the States: 


Los Angeles abrasion test......... 10 
Breakage test under roller.... ] 
Visual inspection..... Ue ropa ena caaite 14 
Se ad: le | a ne { 
Hand hammer or compression test.. 4 
Douglass stone meter......... 2 
SPCCINC - PTAVICV 6c 6 sie cee ee stn 2 
SOMMDUICY 197i ACIG .. .66. 6 ies ees 1 


Sulfate soundness test............ 
PCTS 200 | Oe ce 
Flotation by heavy liquid 
Gravel impact test........ 
Deval test.. 


ee awe) 


abrasion 


The methods most commonly used are vis- 
ual inspection, the Angeles abrasion 
test, the scratch test, and a test by use of 
a hand machine. 
These and the other tests listed are of two 
types—a test in the 


Los 


hammer or compression 


which individual par- 











Number of States 
Material 
Reporting 
Classify- wide 
ing as soft distribu- 
tion 
Limestone, soft 3 l 
Limestone, some varieties 1 1 
Limestone, weathered 4 3 
Limonite 3 2 
Marble 1 1 
Ochre 3 2 
Quartz, sugar l 1 
Quartz, weathered 2 2 
Rock, cisintegrated 2 l 
Rock, weathered 2 2 
Rottenstone 1 1 
Sandstone 9 9 
Sandstone, argillaceous l 
Sandstone, friable 1 1 
Sandstone, friable arkosic 1 0 
Sandstone, soft 5 1 
Schist 5 3 
Schist, some 1 1 
Schist, micaceous 1 0 
Schist, tale 1 0 
Schist, weathered 2 2 
Scoria 1 1 
Scoria, certain grades of 1 l 
Shale 11 7 
Shale, clay 1 1 
Shale, diatomaceous l 1 
Shale, disintegrated l 1 
She ll 2 l 
Soapstone 1 0 
Volcanic rock, coarse 1 1 





ticles are examined separately, and a test in 
which the effect of soft pieces on a charac- 
teristic of the entire material is determined. 
It should be noted that, with the exception of 
the requirement ‘involving the use of the 
sodium-sulfate test, all of the specification 
requirements shown in table 2 necessitate 
the use of the first type of test and, in the 
one exception, this type of test is used in 
part. Consequently, there appears to be a 
strong opinion to the effect that determina- 
tions of the content of soft pieces should be 
based on actual count or weight of particles 
rather than through the use of an indirect 
method involving some characteristic per- 
taining to the whole sample. 

A number of the States report the use of 
methods of test—the Los Angeles 
abrasion test for example—for determining 


certain 


Table 2.—State specification limitations 


for soft pieces 





Num- 
Specifi- ber of 
Item cation State 
limit specifi- 
cations 
Percent 
Soft pieces yA 2 
| Do 3 3 
Do Dd \ 
| Do 10 ] 
| Do Free 
| from 
| excess. 
| Soft pieces, bituminous aggre- 
gate 1 2 
Soft pieces, concrete aggregate 2 Z 
Do 3 ] 
Concrete aggregate. fh 
Soft pieces j Cover material 7 \ 1 
; yon mix material 12 { 
Stabilized material 20 
( Clay lumps 0.5 ) 
~ Shale 2.0 1 
(Sp. gr. less than 1.95 2.0 \ 
Total shale, coal, clay lumps, and 
soft fragments 5 1 
(If loss in NasSQ, test is less 
\ than 2 percent, soft shale | 
may not exceed 10 1 
If loss is 2.0 percent or greater, \ 
soft shale is limited to 6 











149 











the presence of soft pieces in aggregate, but 
fail to include numerical values in their re- 
ported limitation requirements for soft 
pieces which are applicable to these meth- 
ods. Although the reporting authorities 
may consider the methods mentioned to be 
suitable for use, it is probable that lack of 
sufficient test data has so far prevented the 
establishment of specification requirements. 
Kighty-four samples of aggregates were 
submitted by the States in response to the 
request for typical samples of material com- 
posed of soft pieces. In a number of cases 
the samples were confined, as requested, to 
a given type of material. However, many 
samples were found to be composed of a 
number of kinds of material differing as 
greatly as limestone and gneiss. It is pos- 
sible that the request for samples composed 
wholly of soft pieces was misunderstood, 
and that some samples were submitted which 
contained a small amount of soft pieces as 
it naturally occurred in these materials. 
From the number of varieties of ma- 
terials submitted as representing soft pieces, 
it is apparent that there is no concordance 
of opinion as to the kind of material which 
should be thus described. 
parent that the term 


as a 


It is further ap- 
“soft pieces” is used 
catch-all description of a number of 
different types of possibly undesirable ma- 
terial in aggregates. Prior to spending 
much time in testing materials, it was real- 
ized that some rational conception must be 
formed of the type of material to be identi- 
fied by the test procedure. Choice must be 
made between the application of the term 
“soft pieces” to pieces of aggregate which 
are actually soft, or the application of the 
same term to pieces of a wide variety of 
characteristics. Although the latter may 
be undesirable for use in construction, this 
is their only common feature. As shown in 
the samples submitted, these pieces may be 
hard or soft, tough or brittle, sound or un- 
sound; in fact, they include the whole gamut 
of physical properties of aggregates. To 
this question of choice, there can be but one 
answer: If these tests are to identify soft 
pieces, the only problem to be considered is 
whether the piece under test is hard or soft. 
During the course of this investigation, tests 
foreign to a strict hard-or-soft 
tion were made. 


determina- 
In these tests it was hoped 
that some correlation between the hardness 
of the particle and some other characteris- 


tic of interest could be established. As a 
general rule, the results were rather dis- 
appointing. Although in some cases, with 
selected samples, definite correlations were 
found between the hardness and some other 
characteristic of a material, when a wider 
variety of samples was considered the agree- 
ment between the two characteristics ap- 
peared to be largely a matter of chance. 


Classification of Test Methods 


The tests made in this investigation may 
be grouped in the following classifications: 


1. Visual inspection. 


2. Seratch hardness, 
3. Specific gravity and absorption. 


4. Resistance to impact. 

5. Resistance to abrasion. 

6. Resistance to static loads. 
7. Soundness. 


In some cases, the tests were made on the 
material as received; that is, without pre- 
liminary separation into individual 
In most tests, however, the size of the piece 
affected the test result to a marked extent, 
and it was necessary to sieve the test sample 
into The generally 
used were 2- to 1'%-inch, 1'2- to 1-inch, 1- 
to *%4-inch, and %- to %%-inch. Pieces 
smaller than 14-inch were found to be diffi- 
cult to test by some methods, and it was 
thought that it would be sufficient, for the 
present at least, to study methods of testing 
the larger pieces only. 

In the first series of tests made on the 84 
samples submitted by the State highway de- 
partments, the samples were separated into 
three groups with respect to hardness of the 
material: Soft, hard, and borderline. This 
was done by a combination of visual inspec- 
tion and the use of a scratch test employing 
a steel knife. It was realized that these 
methods are not dependable for separating 
any and all materials into hard and soft 
classifications. However, they can be used 
unquestionably soft material 
unquestionably hard material. The 
that found to be neither 
hard nor soft were classified as borderline 


sizes. 


separate sizes. sizes 


to separate 
from 
materials were 
materials and excluded from further tests. 

Visual inspection of aggregates for the 
presence of soft pieces is associated with 
what might be called the luster or appear- 
ance by reflected light, and the degree of 


Table 3.—Use of the absorption test for the identification of hard and soft materials 





lten 
2- tk 
Sort MATERIAI 
Number of samples 
\bsorption 
Minimum percent 
Maximum do 
\verage do 
HARD MATERIAL: 
Number of samples 
\bsorption: 
Minimum percent 
Maximum do 
Average do 
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Size of pieces 


lg-inch 1!9- to 1l-inch | 1- to 44-inch | 34- to !9-inch 
{ 0 31 at 
2? 6 2 6 ..2 1.3 
3.4 30.1 290 0.9 
) 12.8 14.4 8.2 
b »? 29 10 
1 0 0.6 ( 
l 11.3 11.3 11.0 
7 2.5 3.0 3. 





bonding. Pieces of aggregate with a glass 
or stony luster are usually classed as hard 


those with a dull or earthy appearance a) 


classed as soft. Compact materials a) 
usually placed in the hard classificatio: 
while those which have a loose or friab 


texture are considered as soft. 


Specific Gravity and Absorption 

Tests for bulk specific gravity were mad 
on saturated and surface-dry samples usin 
the mason jar pycnometer.’ This dete: 
mination does not anpear to have any sig 
nificance in differentiating 
and soft pieces. 


har 
Seven samples of hard ma 
terials had bulk specific gravities varyin; 
from 1.62 to 2.55; five samples of soft ma 
terials varied from 1.48 to 2.57; eight sam 
ples classed as borderline materials varied 
from 2.11 to 2.59. 
overlapping, use 


between 


Since there is so muct 
of the test for specific 
gravity to identify hard and soft pieces does 
not appear feasible. 

The test was made by im- 
mersing oven-dried samples in water for a 
period of 24 hours. The samples were then 
surface-dried with a towel and weighed, and 
the absorption expressed as a percentage 
of the dry weight. A summary of the re- 
sults obtained is given in table 3. In this 
table, as in others to 


absorption 


follow, each size of 


material tested is treated as an indi- 
vidual sample. 


between the 


each 
This permits comparisons 
two types of material, hard 
and soft, for each size of piece. Although 
the average values for the two types of ma- 
terial differ markedly, there is some over- 
lapping in the test values. In the 1- to *%4- 
inch size, for example, one sample of soft 
material had an absorption of only 3.2 per- 
cent, whereas a sample of hard material 
had a quite high absorption of 11.3 percent. 
Because of this overlapping, it is not pos- 
sible to set a value separating hard from 
soft material and this method is of little 
use for the identification of soft particles. 


Impact Tests 
A number of different types of impact 
The 
most 
toughness ot! 


tests were used in this investigation. 
which is believed to have the 
promise is the test for the 
As shown in figure 1, the appa 
used in 


one 


gravel. 


ratus this test consists essentiall: 


of a 2%.-inch steel ball mounted on a ste 
block to serve as an anvil, and another ste: 
ball of the same size which can be lifted t 


a maximum height of 7 inches and allows 


to fall on the specimen under test. Durin 
the course of this investigation, certain 1 
provements in the original apparatus we 
made so that the ball could be dropped ¢ 
exact distance desired with but one mea 
urement of the thickness of the specim: 
under test. 


Described in Principles of Highway Construct 
ts Applied:to Airports, Flight Strips, and ether Lar 
ing Areas for Aircraft, Bureau of Public Roads, J 
1943 p. 297 

Method T-6-27, Standard Specifications for H 

itu Materials and Methods of Samplina and Test 
] \merican Association of State Highway Offici 
p. 152. This method has been withdrawn by the A 
lation 
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In making this test, the specimen was 
held on the anvil in its most stable position, 
usually with the least dimension vertical, 


Table 4.—Use of the toughness test (2'4-inch ball) for the identification 


of 


hard and soft materials 

















and the movable ball dropped on the speci- en Size of pieces 
men from a height of 1 inch. The height 

i s ‘ 2- to 14-inch | 1%- to l-inch | 1- to 34-inch | 34- to 4-inet 
o! fall was increased 1 inch after each blow ; rei vos ahaa 

aie ee ee mA . — : SoFT MATERIAL 
until the specimen failed or until it with- Meuaber of samples 3 28 29 20 
stood a drop of 7 inches. Under normal con- Toughness factor: 

Z ae ss Minimum 18.0 » A 2.0 1.0 
ditions, a test sample containing 50 to 100 Maximum 59.0 16.2 16.9 5.7 
pieces of the same sieve size was used. An a = sas dae i 
empirical value for each sample was ob- HARD MATERIAL 

E ‘ ‘i A Number of samples 23 23 10 
tained by multiplying the number of pieces Toughness factor: 

a ‘aile » . ii ‘ a * Minimum 0 4.5 2.9 1.1 
which failed by the square of the drop, in Siicctieiners 79.0 67.2 32.3 10.3 
inches, at which they failed, and dividing \verage 12.3 29.8 11.4 3.8 
the sum of these values by the total number ee 
of pieces tested. For the purpose of this 
computation, pieces which did not fail at a results than the 2's-inch ball, but the con- percentage of the original weight of the 


drop of 7 inches were assumed to fail at a 
drop of 10 inches. This value, called the 
toughness factor, can vary from a minimum 
of 1 to a maximum of 100. 

The 
table 4. Although higher toughness factors 
were found for the hard materials than the 
soft, there is a considerable amount of over- 


results of these tests are shown in 


lapping of the two sets of values. It is 
apparent that the toughness test for gravel 
does not separate hard from soft material. 
After a of the detailed records of 
this test, it appears that the falling ball is 
much too heavy to separate soft pieces from 
hard but brittle pieces. 


review 


Furthermore, when 


clusion was reached that to test aggregate 
of a complete range in size from 2- 01 
inch to *%g-inch, at least three 


testers of different sizes should be used, and 


914 


toughness 


each size used to test material of a definite 
and narrow As time 
to develop these testers and correlate the 
test 
ther 


range in sieve sizes. 
results of each was not available, fur- 
of the use of this 
of apparatus was deferred. 


consideration type 


Rotary Soft Stone Machine 


Another type of impact test tried involves 


sample. 

The results obtained with the rotary ma- 
chine table 5. These results 
indicate the same conditions as were found 
for the falling-ball apparatus. Hard but 
brittle material as well as soft material is 


are given in 


readily broken in the rotary machine, and 
it does not to separate 
truly soft pieces from others with this type 
of test. 


appear possible 


Hand-Hammer Tests 


Several other types of impact tests were 
tried. 


the use of the rotary soft stone machine , oo Saeer Aine ek hgneed weedienn 
the brittle piece fails, the fracture is ap- shown in figure 2. This machine consists occasionally used to identify soft pieces, Al- 


but many pieces of soft material 


may fail without the break being seen from 


parent, 


above as the operator would normally view 
the specimen. This results in the soft piece 
being given a higher rating than it should 
have, thereby decreasing the value of the 
test. 

In an attempt to correct these difficulties, 


essentially of a cast-iron disk revolving in 
a horizontal] inside a vertical steel 
drum made of *s-inch steel plate. The disk 
is 29 inches in diameter and the drum has 
an inside diameter of 3314 inches. 


plane 


Ribs on 
the upper surface of the disk form pockets 
to catch the material fed on the disk through 
a sheet-metal cone, and to throw these pieces 


though the application of a hand hammer 
involves a number of intangible conditions, 
it was believed desirable to include this test 
in the The hammers used 
from a 2-ounce tile-setter’s hammer 
to a stone-mason’s hammer with a 2-pound 
head, as shown in figure 3. Several dif- 
types of technique were used. In 


investigation. 
varied 


ferent 


a = ae od ae : aed ade : ; one, the hammer was allowed to drop with- 
another toughness apparatus wee made against the steel drum. Another cone below nies doo I th 
using a steel ball of 1%s-inch diameter. For ine qisk collect out bending of the wrist; in another, the 


certain sizes of particles, the 17-inch ball 


was found to furnish more indicative test 





to 
lead it to a pan in which the tested material 


serves the sample and 


can be inspected. The disk is powered by 
a variable-speed motor and can be operated 
at speeds from 110 to 200 r.p.m. In these 
The test 
was conducted on individual sizes of aggre- 


tests, the fastest speed was used. 
gate. The weight of the test sample was 
determined, and the 
through the machine. 


pleces passed singly 
After all pieces had 
been tested, the sample was sieved on the 
original retaining sieve, and the weight of 


material passing this sieve expressed as a 


hammer was swung by movement of the 
wrist only; in a third, the end of the ham- 
mer handle was placed on the table and the 
hammer head allowed to fall through an are 
of about 8 inches. The tile-setter’s hammer 
has one flat and one sharply beveled end. 
With this hammer, one method included a 
free swing of the arm, with the flat face 
striking the piece under test. In another 
application of the same small hammer, the 
beveled end was used to peck at the test 
specimen to determine whether or not the 
material could be flecked 


away or cut by 


Table 5.—Use of the rotary soft-stone machine for the identification of hard 
and soft materials 


Item 





Size of pieces 








2- to 14-inch 114- to l-inch | 1- to 34-inch | 34- to lg-inch 
Sort MATERIAI 
Number of samples 3 25 OX 18 
Loss: 
Minimum percent 3.5 2.5 9.5 14 
Maximum do 22.0 29.9 21.4 20.8 
Average 1 1d. 1f.2 10.4 9.6 
HARD MATERIAI 
Number of samples 19 2] 9 
Loss: 
Minimum percent 1.0 2.0 5 14 
Maximum do 24.0 19.5 320 34.2 
Average de 15.9 10.3 9.9 11.6 


eure 2.—The rotary soft-stone machine. 
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Figure 3.—Hammers and 


used in 
Left to right: 2-pound 


stone-mason’s hammer, l-pound tinner’s 


soft piece test. 


hammer. 8-ounce  tinner’s hammer. 
2-ounce  tile-setter’s hammer. — brass 


scratch pencil, knife. and rubber mallet. 
light taps. Consideration was also given 
to the type of failure of a specimen under 
blows of a reasonably heavy hammer. It 
was thought that if the material were soft 
it would crush under the hammer, produc- 
ing a large amount of powder with rela- 
tively few large fragments; hard material, 
on the other hand, would break to sharp- 
edged fragments with relatively little pow- 
dering. Of all these hand-hammer tests, 
none gave satisfactory results, and this type 
of test discontinued. 

Consideration was then given to an im- 
pact test the article 
which would deform around the piece under 
test but still transmit The 
articles considered for this application were 


was 


using as striker an 


stress to it. 


a device known in some circles as a black- 
jack, and a mallet with a rubber head such 
as is used in removing dents from automo- 
bile bodies. A blackjack having a leather 
filled with lead shot tried, but 
after a few tests the leather broke and fur- 
ther consideration of this was discontinued. 


case Was 


For a few very soft materials, the rubber 
mallet gave satisfactory results, but mod- 
erately soft materials of 1-inch 
larger could not be crushed with the mal- 
let. 


size or 
This test was also discontinued. 


Compression Tests 

The suitability of a compression test to 
identify soft pieces was tried. 
paratus the 
meter * has been used for such a test, but 
the load only 75 
pounds and this load will crush only the 
This 


The use of a hydraulic 


A small ap- 


known as Douglass. stone 


maximum specified is 


weakest specimens. apparatus is 
shown in figure 4. 
compression testing machine was then pro- 
In the method 
tempt was made to apply load to the par- 


ticle through '2-inch steel balls. 


posed, considered, an at- 
For pieces 
of irregular shape, this was very difficult 
to perform, and flat-faced steel cylinders of 
1o-inch diameter the 
balls. The pieces under test were ground 


were substituted for 


on a lap to secure bearing faces, and were 


tested with the least dimension in a verti- 


Douglass stone meter described in Method T-8-24 
Standard Specificationa for Highway Materials and 
Vethods of Sampling and Teating, 1938; American 
Association of State Highway Officials, p. 154. This 
method has been withdrawn by the Association 
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cal position. Load was applied at a slow 
but predetermined rate and failure deter- 


mined to the nearest 10 pounds. Each 
sample tested contained from 20 to 100 
pieces. 


The results obtained are given in table 
6. It will be observed that no well-defined 
separation between hard and soft materials 
is obtained. Study of the pieces under load 
revealed one interesting feature. In test- 
ing one material—a shale which occurs in 
rather thin pieces—it was noticed that the 
portion of the piece not in contact with the 
loading cylinders fell away at a relatively 
low load, but the material between the load- 
ing cylinders became more compact as the 
loading continued. In one this ma- 
terial was loaded to 35,000 pounds or al- 
most 180,000 pounds per square inch. It is 
apparent that this type of loading is unsuit- 
able for thin specimens of soft material and 
that the test does not separate hard from 
soft material. 


case, 


Freezing and Thawing Test 


The freezing and thawing test was used 
to determine whether any relationship could 
be established between the results of this 
test and the hardness of the materials con- 
sidered. immersed in 
water for 24 hours prior to freezing, frozen 
at about 15° F. in water, and thawed at 
about 80° F. 
After 10 cycles of the test, the samples were 
examined. With only a few exceptions, this 
short test failed to differentiate between 
hard and soft materials. The test was then 
resumed for another 10 cycles. After the 
twentieth cycle, the were 


The samples were 


A 24-hour cycle was used. 


samples dried, 


Figure 4.—Douglass stone meter in use. To 


the right are the toughness machines 

with the 1%&-inch and 2%-inch balls. 
sieved on a sieve with openings having 
linear dimensions one-half the size of those 
in the original retaining and the 
material passing the sieve expressed as a 
the weight of 
half-size 


sieve, 


percentage of the original 
The were used 
rather than the original sieves to prevent 
the inclusion, in the loss, of those pieces 
which might the original retaining 
sieve due only to minor flaking or chipping. 
Results of these tests are given in table 


sample. sieves 


pass 


Table 6.—Use of the compression machine for identification of hard and soft materials 


(load applied through flat faces of -inch diameter ) 





Item 


Size of pieces 








2 11g-inch | 1'4- to l-inch | 1- to %-inch | 34- to 44-inch 
Sort MATERIAI 
Number of samples } i) 20 8 
Compressive strength: 
Minimum Ib 130 540 120 129 
Maximum do 2,910 2.970 2.770 3,530 
\verage lo 840 1.270 860 1.010 
HARD MATERIAI 
Number of samples 10 13 3 
Compressive strength: 
Minimum lb 500 860 690 {80 
Maximum do 160 2.950 3,250 1,290 
\verage do 890 1,830 1,750 860 
Table 7.—Use of freezing and thawing (20 cycles) for identification of 
hard and soft material 
| Size of pieces 
| Item 
| 4 1!3-inel 1l,- to l-inch 1l- to 34-inch 34- to I in¢ 
Sort MATERIA! 
Number of samples 12 21 11 
| Loss passing |o-size sieve: 
Minimum percent s.3 5.0 9.4 
Maximum do 92.8 93.0 92.2 
| Average do 9.2 26.1 42.5 51.5 
HARD MATERIAI 
Number of samples 4 1] 14 3 
Loss passing '9-size sieve: 
| Minimum percent p-4 0.6 0.4 5.4 
| Maximum do 31. 18.2 51 25.3 
| \verage do 5 9.0 11 13.1 
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Considerable overlapping of test results 

found, but the average values are sep- 
arated so widely that they indicate some 
possibilities in the use of this method for 
the identification of hard and soft aggre- 

ites. The main objections to this test are 
the length of time required and the expense 
and nonportability of the apparatus. The 
test appears to be of some value for use in 
research investigations, but it hardly seems 
suitable for a routine testing procedure. 


Revision of the Compression Test 


Shortly after this investigation had been 
started, the entry of the United States into 
World War II required that the work be 
discontinued. Due to lack of storage space, 
only a few of the samples originally re- 
ceived were kept intact and, consequently, 
a suitable correlation between the two por- 
tions of the investigation cannot be estab- 
lished without repeating a large amount of 
work, 

When the investigation was resumed in 
1945, a study of the then existing data indi- 
cated that possibly a fair trial had not been 
given to the compression test. In the pre- 
vious work, plane and approximately paral- 
lel faces had been ground on each piece 
tested, and the pieces loaded between flat- 
faced cylinders of %-inch diameter. The 
labor of grinding faces on 50 to 100 pieces 
of each size in each sample tested was con- 
sidered objectionable, and some means of 
testing pieces of any shape without prelim- 
inary grinding was sought. Trials were 
made of a number of different types of load- 
ing devices. After considerable work, a 
loading device consisting of a single-point 
ipper contact and a three-point lower sup- 
port was adopted. 
the 


As shown in figure 5, 
upper contact consists of a short steel 
rod of %-inch diameter, with a hemispheri- 
cal end, which is fastened to the spherical 
bearing block of a hydraulic cube-testing 
machine. The lower bearing consists of 


three ‘42-inch diameter steel balls grouped 
together so that their surfaces are in con- 
tact, and welded to a small steel base. With 
this loading and support arrangement, most 
pieces of both regular and irregular shape 
can be placed in a stable position for the 
test. 

To obtain values for use in 
pieces of hard, sound aggregate, sever: 
hundred pieces of each size of thre 
ent materials were tested and the 
load of each piece determined. From the 
data obtained, the following loads were 
lected as indicating hard materials 


Size of piece, Load, 
inches munds 
38 to le... se ; 200 
RE OES. CER aan Se ee 350 
Se ee 500 
De el arcs s Sa ee ve 750 
a ae RRR RR ROR RS ren ae 1, 100 
2 06 26 ;.. : as 1, 500 


Tests of Commercial Gravels 


With the establishment of these tentative 
acceptance values for hard material, it was 
believed desirable to conduct tests on 
number of different materials to determin 
whether the test would be 
tory. 


a 


found satisfac- 
Only a few of the materials obtained 
in 1941 were still available, and these had 
been sampled so extensively that complet 
ranges in size of particle could not be ob- 
tained. To obtain furthe 
Asso- 
samples of 
commercially produced gravels which would 


samples fo1 
tests, the National Sand and Gravel 
ciation was requested to furnish 


contain some soft material. To the sam- 
ples received from the Association were 
added a number of gravels which had been 
submitted to the 
tests. 


laboratory for routin 
These samples were tested for soft- 
piece content using the compression test di 
scribed above, the 20-cvcle freezing and 
thawing test. and the Los Angeles abrasior 
test. In the last test, determinations of the 


Table 8.—Soft-piece tests on commercially produced gravels 











Los Angeles abrasion test C ompresslor f g 
test ind thawing 
Sample No Percentage of test: Lo alter 
Loss at 100 Loss at 500 Ratio of soft materia 
evolutions revolutions losses by weight 
Percent Percent Perce f 
67464 6.0 28.1 21.4 
67621 1.9 24.2 9 
67622 t.4 22.7 19 
67628 8.1 32.6 24.8 
67529 4 27.3 19.8 
67680 4.2 23.4 17.9 “ 
67696 1.6 23.8 19.3 
67757 6 23.6 23.7 
67858 13 26.4 ys 
67909 5.6 23.3 24.0 
67910 . 25.0 16.8 
67954 6.1 27.8 21.9 .4 
68516 5.6 26.5 3 2 
8768 7.6 30.7 24.8 d 
O&RT69 ».4 26.3 20 } 
68770 7 27.1 21.0 Lo 
S771 SS 21.3 19.2 1.4 
68772 6.5 29.0 22.4 , 
68773 5.3 26.6 2-9 
8774 8.5 32.9 a 
RTT5 6.8 30.8 ye | e 
O8T7T6 6.4 31.8 20.1 g 9 
68777 7.4 32.4 22.8 3 
68778 68 29 6 293.0 
68779 =: 25.5 29 8 
8780 6.6 30.3 21.8 
Ratio of loss at 100 revolutions to loss at 500 revolutions 
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Figure 5.—Compression test for soft pieces, 
using a three-point support and a single- 
point load-bearing contact. 


percentage of wear were made at 100 and 
500 revolutions and a ratio of the losses 
used as an expression of the amount oi soft 
material in the sample. 

The results of these tests are given in, 
table 8. Inspection of the results discloses 
immediately that there is little agreement 
among the indications of the three methods 
of test. For some few samples, all three 
methods show the presence of appreciable 
amounts of soft material. In most cases, 
however, the three methods give different 
results. One reason for nonuniformity 
among the three methods is the variance ot 
the unit of failure on which the test result 
depends. In the compression test, the pieces 
of the sample are tested separately, and the 
whole piece is discarded if it fails to meet 
the conditions of the test. In the Los An- 
geles abrasion test and in the freezing and 
thawing test, it is entirely possible that only 
a portion cf a given particle may be in- 
cluded in the loss. Consequently, it is doubt- 
ful that any satisfactory agreement among 
different methods of test can be established 
unless the unit of failure is the same in 
each case. 

Consideration of the values obtained in 
the compression test shown in table 8 indi- 
cates that the limits set for the identifica- 
tion of hard pieces are probably too severe. 
A review of the individual test results for 
each sample shows a very high percentage 
of failures in the smaller sizes of piece, and 
also an excessive percentage of failures for 
pieces which tend toward a flat shape. In 
this test, the point of application of the 
load is normally above a point equidistant 
from the point of support of each of the 
three balls in the lower bearins. With thin 
yr flat pieces, this could result in fiexure of 
the piece under test, and the failure would 


be by bending instead of by compression. 
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Review of Methods of Test 
Late in 1946, several new methods of 
testing aggregates for content of soft pieces 
were suggested. These new methods in- 
cluded a scratch test using a scribe of yel- 
low brass, and two abrasion tests. In one 
of the latter, the sample was placed in a 
-anvas bag with a charge of steel balls and 
the bag dropped on or swung against an 
anvil a given number of times. In the other 
abrasion test, the sample alone was placed 
in a bag and subjected to blows delivered 
by a rubber-headed mallet, freely swung 
In trying these meth- 
ods, it was considered desirable to include 
in the program of tests some of the methods 
which had previously been used. 


as shown in figure 6. 


Figure 6.—Bag and mallet test for soft 


pieces. 


The material used in these tests consisted 
of quartz gravel of a reasonably uniform 
hardness to which was added definite quan- 
tities of soft stone or gravel obtained from 
the remnants of the samples received in 
1941. It seemed possible that the test oper- 
ators might be influenced by the color of 
the different pieces and would unconsciously 
classify them on this basis, and suggestions 
were made that all the material be dyed to 
a uniform color, or the operators fitted with 
Both suggestions, after 
some consideration, were rejected and the 


colored glasses. 


difficulty overcome in part by the use of 
some soft material of nearly the same color 
Furthermore, most of 
the tests made have definite end points, and 
decide 


whether the material does or does not meet 


as the base gravel. 


the operator is not required to 
the conditions of the test. 

Several changes in the test procedure as 
previously used were thought to be desir- 
able. <A brief description of each method 


follows. 


154 





Method 1: Steel scratch test.—Each piece 
was scratched with a sharp knife blade. 
The weight of the pieces identified as soft 
was 
inal 


reported as a percentage of the orig- 
weight of the sample. 

Method ?: test.—Each 
piece was scratched with a pointed scribe 
prepared from %4-inch 
The results 
in method 1. 


Method #: The test 
piece was placed on an anvil in its most 
natural position of repose, held firmly with 
the fingers, and struck at the center of the 
upper face with the flat end of the tile-set- 
hammer. The hammer was swung 
through an are of about 6 inches using only 
a natural movement of the wrist. Softness 
was recognized by crushing or crumbling 
of the piece under test. A clean fracturing 
or splintering of the piece—that is, break- 
ing into smaller but solid fragments with- 
out considerable powdering—was not con- 
indicative of softness. More than 
blow permitted if necessary to 
piece properly. The 
were reported as in method 1. 

Method 4: Rubber mallet test. This 
method the procedure given in 
method 3, but using a rubber mallet instead 
of the tile-setter’s hammer. 

Method 5: Toughness test for gravel. 
The falling-ball 
scribed, 


Brass scrateli 


diameter yellow 


brass rod. were reported as 


Light hammer test. 


ter’s 





sidered 
one was 


classify the results 


followed 


apparatus 
illustrated in figure 1, 
The 2%-inch ball was dropped as 


previously de- 
and was 
used. 


follows: 


Size of prece Height of fall, 


inches inches 

ee DR Aer ne eee arc Soap aS 
PRON Ns. cote en Sree Abia eolr ee a ys 
Ue NG okra spe cic l 


The test piece was held on the anvil and 
adjusted under light tapping of the free 
ball to a secure bearing. The free ball was 
then raised to the height indicated for the 
size of aggregate under test and allowed to 
fall on the piece. Softness of the piece was 
shown by crushing, powdering, or crumb- 
bling. The test result for each piece was 
reported as in method 1. 

Method 6: 
The procedure given in method 5 
peated, using the apparatus containing the 
17s-inch ball, and with 
follows: 


Toughness test for gravel._— 


was re- 


heights of fall as 


Size of piece, Height of fall, 
inches inches 
]1., TE each eed conde o Baas ) 
Be ae Sor eancielse Ged e524 } 
BRM ect cr as oi anna Srae take 5d ava l 
Method 7: Rotary soft-pie ce test.—The 


and 
figure 2, was operated at its 

(about 110 The 
pieces of the test sample were fed separately 
into the machine and all 
The material passing the original retaining 


rotary machine previously described, 
illustrated in 
slowest 


speed r.p.m.). 


debris caught. 
sieve was determined, and expressed as a 
percentage, by weight, of the original sam- 


ple. 





Method 8: 


test.- 
The stone meter was used with the follo\ 
ing loads: 


Douglass stone meter 


Applied lo 


pounds 
BAe RN Beco sare eae wiesaracpiace ate Ge bs 125 
(Maximum 


Size of piece, 
inches 


loadit 
of spring) 
Bree ale coe crormusnaiine pee whee 7d 
Mm OD Pav hecccs wadendeteens 60 
The results were reported as in method 
Me thod gd: 
were 


Compression test.—The test 
made in the hydraulic testing ma 
chine with the one-point upper and thre« 
point lower bearing surfaces, using the fol 
lowing loads: 

Applied loa 


oize OJ piece, 


nehes pounds 
Rr RS, sec ruc neo ate wlin ees acrnre se »V0 
By in oat rated Sie orcioa acetar arate 350 
Ms 1 ie as 2 asl ee pnhwadio ere aves 200 


The piece tested was placed in its most 
stable position on the three-point support, 
and load applied without shock through the 
single-point contact on the upper surface 
of the specimen. 
ata 


Breakage of the specimen 
load below those indicated constituted 
failure. 

method 1. 


The results were reported as in 


abrasion 


Method 10: method. A 
1,000-gram sample was placed in a 10- by 


Bag 


14-inch canvas bag with an abrasive charge 
of five 
balls. 


17s-inch diameter cast-iron or steel 


The neck of the bag was fastened 


securely to prevent loss of the sample. The 
bag was swung 100 times through a dis- 
tance of 12 inches against an anvil. The 


sample was then removed from the bag and 
sieved on a No. 4 sieve. The material pass- 
ing this sieve was expressed as a percentage 
of the original weight of the sample. 
Method 11: Bag and mallet method.—A 
1,000-gram sample was placed in a 6- by 9 
inch canvas bag and the neck fastened se- 
curely to confine the sample in the least 
The bag was then placed 
and struck 100 times with a 
rubber-headed mallet. The blows were dis 
tributed over the side of the bag, and aft: 


possible space. 


on an anvil 


each tenth blow the bag was turned over t 
expose the lower side. The 
determined as in method 10. 

Method 12: 
Samples weighing 5,000 grams of each si 
of material were tested in the Los Angel: 
machine, charge of | 
The ps 
100 ar 


results wer 


Los Angele Ss abrasion test. 


with an abrasive 
steel balls weighing 5,000 grams. 
centage of wear was determined at 
500 revolutions. 

The results obtained in 
given in table 9. 


these tests a 
The values shown in 
first line of the table are the percentag: 
by weight, of soft 
added to the quartz gravel. 
given in the rest of the table, 


those of the Los Angeles abrasion tests, : 


material which w 
The vah 


except 


the percentages by weight of soft mate) 
found by the test method indicated. 17 
values give! r the Los Angeles tests 

losses in percentages by weight obtail 
in the tests. The 


¢ 


1 


ratio of the losses at 
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Table 9.—Results of tests for soft pieces using prepared samples 





Method 





| 
Percentage of soft pieces 
| 


Size of pieces 





114- to l-inch | 1- to %-inch %- to 44-inch 
Soft pieces placed in material 1.8 16.2 10.4 10 | 
Scratch hardness methods: } 
Steel scribe 17.6 18.2 14.9 16.9 | 
Brass scribe 1.8 16.3 10.6 0.6 | 
Impact methods: 
2-ounce hammer 11.3 18.8 17.9 6.0 | 
Rubber mallet 1.4 10.1 12.6 8.0 
} Rotary machine 14.6 10.6 10.9 2.0 
Toughness, 24-inch ball 10.2 34.1 23.1 21.8 | 
} Toughness, 1 %-inch ball 20.1 22.0 10.2 7 | 
| Compression method: 
| Douglass machine 8.5 1.8 0.6 f 
| 3-point support ‘3 16.9 21.0 1. 
| Abrasion method: 
Bag abrasion 6.7 i8.0 14.0 12.9 
sag and mallet 6.4 it. 7.7 3.9 
| Los Angeles machine: 
| Loss at 100 revolutions 11.9 14.8 
Loss at 500 revolutions 10.3 15.3 
Ratio, 100,500 29.5 32.7 
and 500 revolutions has been thought to’ dling. Should the material to be tested have 


have some relation with the amount of soft 
material in the sample. A comparison be- 
tween these values and the amounts of soft 
material actually added to the base gravel 
indicates that this test, as made on indi- 
vidual sizes of aggregate, does not furnish 
test results which indicative of the 
amount of soft material in the sample. 

The most results obtained in 
this series of tests are those furnished by 


are 
favorable 


the brass scribe, the rotary soft-piece ma- 
chine, and the bag and mallet test. In pre- 
vious work, when the rotary machine was 
operated at a speed of 200 r.p.m., it had not 
very significant results. Although 
much better results are obtained when the 
machine is operated at a slower speed, fur- 
ther consideration of this type of testing 
equipment was discontinued as the machine 
is not suitable for field use. 


eviven 


Bag and Mallet Test 


Some questions developed regarding the 
size of sample which would be most desir- 
able in the bag and mallet method, and also 
how many tests should be made to obtain a 
test value representative of a given mate- 


a maximum size greater than 112 inches, the 
size of the test sample must be 
and a larger bag be used. Considerable de- 
velopment work along this and other lines 
remains to be done before this method can 
be adopted for use. To determine the othe 
feature of particular interest here—that 
the number of 1,000-gram samples which 


increased 


is, 


should be tested for a material with a maxi- 
mum size of 1% 
tests was made. 


inches—another series of 

In these tests, a soft sandstone was added 
in definite quantities to a quartz gravel to 
prepare four aggregates containing 0, 4, 8, 
Each mate- 


rial, both the hard and soft, was graded uni- 


and 12 percent soft material. 


formly from 1%- to %-inch. After each 
aggregate had been prepared, it was mixed 
thoroughly and ten 1,000-gram samples 


taken for test. The attempt made here was 
would exist 
if a sample of graded aggregate were tested 
by the bag and mallet method. 


to duplicate conditions which 


Each sam- 


ple was placed in a double canvas bag, one 
bag inside of the other, and struck 100 
times with a rubber-headed mallet. The 


sample was then sieved on a No. 4 sieve, and 





rial. From a practical consideration, a the amount passing the sieve determined 
ample of the size used appears to be about as well as the amount of soft materiai re- 
as large as is desired for readiness of han- tained on the sieve. 
Table 10.—Bag and mallet tests on prepared samples of quartz gravel 
containing soft sandstone 
Amount of soft stone added to gravel 
None 1 percent 8 percent 12 per 
Ss ple N 
Cumula- Cumula- Cumula Cumula 
Loss tive Loss tive Loss tive Lo tive 
average average iverage ivera 
loss loss loss ys 
Percent Percent Percent Percent Percent Perce Percer Percent 
l 1.4 1.4 6.2 6.2 12 12 9 Bee 
2 3:7 1.0 6.2 6.2 9.9 11.2 10.4 
3 5.9 Ty 6.3 6.2 S.9 10.4 » 3 11 
} 4.3 1.6 7.4 6.5 10.6 10.4 10 1.0 
3.7 1.4 5.8 6.4 8.2 10.0 13 1.4 
6 3.9 1.3 7.9 6.5 9 0 g 19 4 f 
7 ‘8 41.4 6.0 6.4 10.0 9.8 ] 1.9 
8 at 4.4 6.3 6.4 6.9 9 , 8 r 
gy 5.0 1.5 6.5 6.4 6.9 9.2 9 ] 
10 a4 1.4 5.0 6.3 ) 9 2 yg 3 
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A summary of the results obtained 
given in tables 10 and 11. In table 10, the 
percentage of loss for each sample tested is 
given, together with a cumulative average. 
For most aggregates, an average value ob- 
tained from tests of three samples is very 


is 


nearly the same as the average for all ten 
samples of a kind tested. Of more impor- 
tance, however, is the comparison of the 
amount of soft stone placed in the aggre- 
the test result obtained, and the 
amount of soft stone remaining in the sam- 
ple after the test, in table 11. 
Tests of the base gravel show a loss of 4.4 
percent. The results obtained in tests of 
the gravel containing 4 percent of soft stone 
show 6.3 percent but 2.0 

soft stone is left in the sample. 
percent then 


gate, 


as shown 


loss percent of 
This 6.3 

percent of 

soft stone and 4.3 percent from the quartz 
avel. 


loss includes 2.0 


Table 11.—Percentage of soft stone remain- 
ing in sample after test.’ and loss from gravel 








Soft stone Cumula- Soft stone | Lous from 
added to tive sete Bit ined scsi 
gravel av oes CHES gravel 
loss 
Percent Percent Percent Percent 
0 1.4 4.4 
| 6.3 2.0 4c 
8 e.2 3.3 4.5 
12 11.3 ..o 3.8 
\verages for 10 samp! 
By a similar method of figuring, the test 


results for the aggregates containing 8 and 
12 percent of soft stone include 4.5 and 3.8 
percent, respectively, of the quartz gravel 
in the loss. Although it is granted that the 
gravel may contain material of a 
friable nature, a comparison of the gravel 
and the sandstone used in these tests indi- 
cates that a method of test 
should show a greater recovery of the soft 
material in the test results. The fact that 
from 38 to 50 percent of the soft sandstone 
placed in the sample remains there after 
the test shows definitely that the test as 
made is not satisfactory. 


quartz 


satisfactory 


Brass Scratch Test 


In this investigation, considerable diffi- 
culty was encountered in trying to unify 
the conceptions offered by different authori- 
ties regarding a proper description of a soft 
piece, and much time and effort were spent 
to develop a satisfactory method of test for 
soft pieces. In addition to the various tests 
many fanciful tests 
were considered and, in some cases, plans 


described here, more 
for quite elaborate pieces of testing equip- 
A few of these fanci- 
ful tests were tried but did not prove even 
remotely satisfactory. 


ment were prepared. 


Possibly we have 
been trying to make something difficult of 
a really simple problem: The testing of 
aggregates to determine the presence and 
quantity of soft pieces—those which yield 
easily to physical pressure or are not re- 
sistant to cutting or wear. 
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Among all of the test methods consid- 
ered, the most simple and direct is a scratch 
hardness test. This would not indicate the 
pieces which are unsound, or light-weight, 
or highly absorptive; or the pieces of chert 
which appear to be included by some author- 





ities in the general classification of soft 
pieces, It would, however, show which 


pieces of the sample are actually soft, in- 
cluding those formed of a soft material and 
those which are so poorly bonded that the 
separate particles in the piece are easily 
detached from the mass. 

A satisfactory test for scratch hardness 
was used in this investigation. 
merely of scratching the material under 
test with a piece of yellow brass, as shown 
in figure 7. This will not seratch 
limestone of good quality, but it is hard 
enough to scratch badly weathered mate- 
rials which may be objectionable for use in 
concrete. The biass used first in these tests 
consisted of a 14-inch rod which has a Rock- 
well hardness of about B70. Later in this 
work, the thought of preparing a pencil with 


It consists 


brass 


a brass rod replacing the lead was devel- 
oped. For this purpose, drill-rod brass‘ of 
about 1 16-inch diameter was used. Efforts 


*So called as it is obtainable in the 
steel twist drills. 


Same 81Zes as 


In order to rectify a printer's error, page 
121 of the February 1951 issue of PUBLIC 
Roaps (Vol. 26, No. 6) was 
with a heading “Errata Sheet” 
tributed to all subseribers. <A 
inquiries 


reprinted 
and dis- 
number of 
indicate that the 
purpose of this was in some cases misun- 


derstood. 


since received 


The error involved a mix-up of 
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Figure 7.—The scratch test. using a hard, 


yellow brass scribe “pencil” made with 
a drill-rod brass core encased in wood. 
This is the only test for soft aggre- 
gates suitable to both field and labora- 


fory use. 


Errata 


text on page 121, under the caption “Part 
1V—Over-All Intersection Capacity.” As 
originally printed, the first and _ third 


columns were inadvertently interchanged, 
so that the lower portion of the page must 
be read (by columns) from right to left. 

The printer unfortunately turned 


chart 4, on page 128, to read from the left 


also 





hardn¢ 
value for this material, but the rod was tuo 
small to secure a satisfactory reading. F 
the purpose of this test, it is probable th 
minute distinctions in the hardness of t!] 


were made to obtain a Rockwell 


used is of little moment. Possib 


sufficient to describe the material 


brass 
it is 
hard, yellow brass. 

The test consists of separating the agg 
gate into different sizes, down to %-inc 
and determining the scratch hardness of 
representative number of pieces of ea 
With unifor 
quality, 10 pieces of a size may be sufficient 


size. material of fairly 


but 50 or 100 pieces of a size may be rx 
materials. Thi 
weight of the pieces identified as soft 

determined for each size, and a weighte: 


quired for heterogeneous 


average based on the grading of the samp| 
is computed. 

This test is for soft pieces only. If it 
limit the 
types of deleterious materials in aggregate 


is desired to amount of othe: 


separate mention of these should be made 
in specifications, 


The courtesy of the State highway departments ar 
the National Sand and Gravel Association in furnist 
ing samples for use in these tests is appreciated, as are 
the many valuable suggestions offered by Mr. T. R 
Smith, and the assistance furnished by him and the 
ther employees of the laboratories of the 
Public Roads. 


sureau 


edge of the page instead of the right edge, 
thus considerably impairing the facility of 
use of the chart series. 

While occurred after fina 
proofing and were beyond the control of 
the editorial staff of PUBLIC ROADs, they 
nevertheless greatly regret the 


these errors 


inconven- 
ience caused thereby. 
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